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Abstract 
One of the main anthropogenic disturbances to seagrass meadows in Australia is 
reduction in light availability, through nutrient enrichment or suspended 
sediments. Dredging can create suspended sediment plumes from the expulsion 
of particulates into the water column and in tum reduces light penetration to 
seagrass ecosystems. Preliminary investigations have demonstrated that light 
reduction for different intensities and durations results in reduced seagrass and 
epiphytic algae biomass. 
The main aim of this study was to determine the effects of different intensities 
and durations of light reduction on epifaunal assemblages in Amphibolis griffithii 
seagrass meadows in Jurien Bay, Western Australia. This was achieved by 
reducing light availability to an A. griffithii meadow by shading plots with 50-
80% (moderate and high intensity light reduction) light-reducing shade cloth for 
three and six months durations. Samples were collected in December 2005 and 
March 2006 and epifauna abundance, biomass, production and composition were 
assessed. Based on a visual census, fish abundances in the main experiment were 
also analysed and found to be a confounding factor as shade screens increased 
fish abundance. In an attempt to assess the mechanisms driving changes in 
epifauna abundance, a second experiment was conducted to examine the effect of 
reduced structural complexity on epifauna, mimicking the changes observed in 
the main experiment but without the presence of shade screens that were creating 
increased fish abundances. 
In the main experiment, after three months of light reduction the abundance, 
biomass and production of epifauna showed decreasing trends, which intensified 
and were statistically significant after six months of light reduction. This 
interactive effect of intensity and duration of light reduction was also apparent on 
assemblage composition. The second experiment, although no significant result 
was detected, also showed a reduction in epifauna abundance with reduction in 
seagrass structural complexity. Therefore, although fish abundance may have 
contributed to a change in epifauna abundance in the main experiment, 
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components of seagrass complexity are fundamentally important in maintaining 
epifaunal assemblages in seagrass meadows. 
Crustaceans and molluscs dominated the taxa found in both experiments. Within 
these groups, taxa showed varying changes to light reduction treatments. In the 
crustacean taxonomic group, amphipods and tanaids showed the most dramatic 
decline after three months of light reduction, while copepods declined after six 
months. The abundance of ostracods did not appear to change with light 
reduction treatments after three months, although a decline was observed after 
six months. In the mollusc taxonomic group gastropods declined after three 
months, but declined most dramatically after six months. Bivalves were not 
affected negatively by light reduction treatments and showed slightly higher 
abundance after six months of light reduction. 
Overall, the results indicate that light reduction in seagrass meadows results in 
reduced epifaunal assemblages. However, not all epifauna respond in the same 
way. This study has revealed that different groups of fauna respond in different 
ways and at different rates. Therefore, there is a complex set of interactions 
involving many factors explaining epifauna abundance and composition in 
seagrass meadows exposed to light reduction. In addition, these changes m 
epifauna with light reduction may have significant trophic consequences in A. 
griffithii habitats. Additional studies and management implications are discussed. 
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Introduction 
1.1 Degradation of ecosystems 
An ecological disturbance is an event, natural or anthropogenic, that can cause a 
change in an ecosystem. They can occur randomly, at different frequencies and 
have different scales of impact, depending on the type of disturbance and the 
ecosystem that is being affected (Attiwill & Wilson, 2003). They can disrupt 
community structure of natural ecosystems by changing factors in the physical 
environment, such as light availability and temperature (Attiwill & Wilson, 
2003). Catastrophic disturbances, such as a storm event, can drastically change 
the natural environment, sometimes with lasting effects (Attiwill & Wilson, 
2003). 
Efforts to conserve natural ecosystems :fi·om human disturbance have occurred 
world-wide and in many different forms (Miller, 2004}. In Australia, wilderness 
conservation areas and a variety of reserve types have been established to combat 
fundamental pressures in areas deemed to have environmental significance. 
These pressures result from a broad range of anthropogenic factors that cause 
environmental changes, including population pressures, overexploitation of 
natural resources, climate change and introduction of exotic species (EPA, 2006). 
Despite the considerable efforts to protect areas of environmental significance, 
degradation of ecosystems :fi·om human induced disturbance continues to result in 
large scale habitat loss at an alarming rate. This process of habitat degradation or 
loss is recognised as one of the largest threats to global biodiversity (Coates & 
Atkins, 2001; Hovel et al., 2002; Attiwill & Wilson, 2003; Lindenmayer & 
Burgman, 2005; Kideghesho et al., 2006). 
Loss or modification of ecosystems often results in a reduction of primary 
producers. Many flora and fauna species and also communities are threatened 
directly by habitat loss or modification. It can affect fauna by decreasing food 
availability and also reducing habitat complexity which provides a place for 
fauna to live or as a refuge :fi·om predators (Lindenmayer & Burgman, 2005). 
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Not all species respond in the same way to habitat loss or modification. 
Organisms may experience an increase or decrease in abundance depending on a 
complex interaction of extemal factors and species specific responses. Some 
organisms may rely on a particular food source or a certain habitat type, and 
therefore may have limited capabilities to adapt to changes in the ecosystem 
(Attiwill & Wilson, 2003). Other organisms can persist longer in a modified 
habitat or even thrive in some circumstances where the new conditions release 
resources from competition or increase access to resources. For example, 
trawling causes species and ecological community decline through the 
destruction of benthic habitats, much like land clearing (EPA, 2006). However, 
opportunistic or tolerant marine species can re-colonise and flourish in trawled 
areas and over time, an altered community structure is created (EPA, 2006). 
1.2 Seagrass fauna 
Seagrasses are marme angiosperms that form an integral component of the 
coastal marine environment (Jemakoff et al., 1996). They are highly productive 
benthic primary producers and are vitally important to marine ecosystems as they 
help stabilise sandy sediments, filter sediments and nutrients and provide habitat 
for many marine organisms to live and feed on (Short & Wyllie-Echeverria, 
1996; Kirkman, 1997). Australia has 30 of the 58 described seagrass species in 
the world and some of the world's most extensive seagrass beds (Kuo & 
McComb, 1989; Kirkman & Walker, 1989; Kirkman, 1997 & Walker et al., 
2000). Western Australia, in particular, has the highest diversity with 25 known 
species and meadows occupying over 22,000 square kilometres (Kirkman & 
Walker, 1989; Kirkman, 1997). 
Seagrass meadows provide an important habitat for faunal assemblages. These 
can be divided into four main groups: epibenthic fauna, mobile epifauna, sessile 
fauna and infauna. Epibenthic fauna consists of fish, decapods (e.g. crabs and 
shrimp) and cephalopods (e.g. squid, cuttlefish) which live among the seagrass 
ecosystem but are not necessarily associated directly with individual seagrass 
plants (Holloway et al., 1985; Hemminga & Duarte, 2000; Burt, 2002). Mobile 
epifauna live around and on the seagrass canopy, on the stems or on the sediment 
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surface in seagrass habitats. Sessile fauna grow attached to seagrass stems or 
leaves, and infauna live in the sediment (Jernakoff et al., 1996). 
Mobile epifauna can be described in terms of taxonomic groupmg, s1ze and 
feeding strategies (Jernakoff et al., 1996). The different feeding strategies include 
herbivorous grazers, detritivores, carnivores, generalist and suspension feeders. 
Small grazers (usually less than 5 mm in size and sometimes referred to as 
mesograzers) include crabs, shrimps, polychaetes, amphipods, isopods, copepods 
and gastropods. Suspension feeders include bivalves and amphipods, and some 
decapods and polychaetes are carnivorous (Edgar, 1990a; Jernakoff et al., 1996; 
Jernakoff & Nielsen, 1998). Generalist feeders change their diets depending upon 
food availability in the local conditions and these include echinoderms (sea 
urchins and asteroids), and some crustaceans (ostracods and some species of 
amphipods) can be detritivores (Jernakoffet al., 1996; Davis & Christidis, 1997). 
Epifauna existing in Amphibolis griffithii (den Hartog, 1970) seagrass meadows 
were the focus of this study. The structure of Amphibolis griffithii is complex 
compared to many other species of seagrass. A. griffithii forms vast meadows 
with long-lived stems (about 2 years) and branches terminating in clusters of 
leaves (about 3-5 leaves per cluster; Figure 1.1). Other seagrass species, such as 
Posidonia coriacea, Posidonia sinuosa and Heterozostera tasmanica, have 
comparatively lower structural complexity. P. sinuosa, for example, also forms 
extensive meadows but is not branched and has 1-2 strap-like leaves per shoot 
(Jernakoff et al., 1996). The relative complexity of A. griffithii provides many 
niches for fauna to inhabit and surfaces for algae to grow (Jernakoff et al., 1996; 
Lavery & Vanderklift, 2002). This can result in higher species richness and 
biomass of algal epiphytes, and higher abundances and biomass of invertebrate 
fauna, than compared to Posidona sinuosa (Jernakoff & Nielson, 1998; Brearley 
& Wells, 2000; Lavery & Vanderklift, 2002). 
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Figure 1.1 Sketch of Amphibolis griffithii with complex morphology (after: Phillips & Menez, 
1988; Carruthers, 1994: cited in Mackey, 2005). 
Much of the faunal diversity present in seagrass ecosystems is reliant on 
epiphytic algae. Seagrass ecosystems often boast a diversity of epiphytic algae 
which are important contributors to primary productivity and habitat complexity 
(Hays, 2005). Epiphytic algae are particularly prevalent in Amphibolis griffithii 
meadows and are the prefeiTed food source for most herbivorous epifauna 
(Bologna & Heck, 1999; Brearley & Wells, 2000; Lavery & Vanderklift, 2002). 
In addition, epifauna grazing can be beneficial to the health of seagrass 
ecosystems by limiting epiphyte biomass and preventing a reduction in light 
availability to seagrass (Jernakoff et al., 1996; Jernakoff & Nielson, 1998). 
Finally, sea grass ecosystems provide structural habitat to a range of higher order 
species which can be essential for their survival through complex food web 
interactions (Figure 1.2). Animals inhabiting seagrass such as fish and decapods 
feed mostly on the epiphytic algae and macroinvertebrate fauna within the 
ecosystem (Jernakoff et al., 1996; Paling et al., 2001; Hays, 2005) and seagrass 
can be utilized as nursery and breeding areas for many species of fish, decapods 
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and for commercial and recreational fisheries such as the western rock lobster 
(Kirkman, 1997; Edgar, 1990e; Walker et al., 2001). Higher trophic consumers 
such as large fish, sharks and sea lions may also depend indirectly on the 
seagrass ecosystem for food by feeding on lower order trophic consumers, while 
other large animals such as the dugong (Dugong dugong) and the green sea turtle 
(Chelonia mydas) graze directly on seagrasses in tropical areas (Hemminga & 
Duarte, 2000). 
Higher order consumers 
(fish, sharks, pinnipeds) 
Consumers (fish, 
decapods) 
Macroinvertebrate 
epifauna (crustaceans, 
molluscs, echinoderms, 
polychaetes) 
Infauna (molluscs, 
polychaetes) 
Detritus (decaying 
seagrass material) 
Primary Producers 
(sea grass and epiphytic 
algae) 
Figure 1.2 Generalised conceptual model showing some potential trophic interactions in an 
Amphibolis griffithii meadow. 
1.3 Impacts on seagrass ecosystems 
World-wide there has been extensive loss of seagrass ecosystems (Short & 
Wyllie-Echeverria, 1996) and some of the largest losses have occurred m 
Australia. In the decade preceding 1992 approximately 45,000 ha of seagrass 
meadows were lost in Australia due to human activities (Walker & McComb, 
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1992). The main anthropogenic causes of disturbance to seagrasses in Australia 
include reduction in light . availability, through nutrient enrichment causing 
excessive algae growth, or suspended sediment smothering. These sediments can 
occur from runoff, mining or dredging operations (Kirkman, 1997; EPA, 2006). 
Dredging impacts seagrass communities directly, through mechanical damage, 
and indirectly, through particulate smothering and the associated sediment 
plumes created by the expulsion of particulates into the water column. The 
particles reduce light penetration to the sea grass . and if the sediment that is 
disturbed has fine particles, these can remain suspended in the water column 
after dredging stops, prolonging the duration of reduced light (Mulligan, 2005). 
Dredging IS an important environmental and economic Issue m Western 
Australia. Dredging activities associated with resource extraction and coastal 
development cause extensive damage to seagrass habitats (Walker et al., 2001). 
Similar studies overseas have demonstrated that intensive dredging produces 
turbid water conditions for up to 15 months and results in extensive seagrass loss 
and slow recovery rates (Sheridan, 2004). Studies in other ecosystems have 
shown that the mechanical damage of dredging can reduce the diversity and 
abundance of epifauna, resulting in major changes in macroinvertebrate 
assemblages (Smith et al., 2006). 
A recent local example of dredging impacts occurred with the Geraldton Port 
Enhancement Project in the mid-west of Western Australia, in which intensive 
dredging occurred for over one year. Dredging generated a turbid plume 
approximately 140 km2 in size, flowing about 70 km along the coast (Mulligan, 
2005). There was an extensive decline in the health of seagrass ecosystems 
predominantly due to the reduction in light (EPA, 2002 cited in: Mulligan, 2005). 
As a consequence of this event, the West Australian state government and 
Geraldton Port Authority sought to understand more fully the environmental 
impacts of dredging to seagrass habitats. In particular, while many studies have 
shown that reduced light affects seagrass density and distribution (Dennison & 
Alberte, 1985; Abal & Dennison, 1996; Jernakoff & Nielsen, 1998; Bologna & 
Heck, 1999; Longstaff & Dennison, 1999; Fokeera-Wahedally & Bhikajee, 
2005), few studies have examined the flow-on effects to macroinvertebrate 
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fauna. The West Australian Government and Geraldton Port Authority were 
particularly concerned about this aspect of impact and are key advocates for this 
research project. 
Reductions in light availability from dredging can have maJor impacts on 
seagrass ecosystems. With reduced light availability, seagrass plants are unable 
to photosynthesise effectively (Dennison & Alberte, 1985; Abal & Dennison, 
1996; Longstaff & Dennison, 1999) and may draw on alternative energy sources, 
usually stored carbohydrates in the rhizomes, to maintain their growth and 
biomass for a period of time (Touchette & Burkholder, 2000). However, if the 
reduced light conditions persist growth will reduce, biomass is lost and the plant 
eventually dies. Similarly, epiphytic algae also require light to photosynthesise 
and are affected by light reductions, but they have lower carbohydrate stores than 
seagrasses and are likely to decrease in abundance and biomass more rapidly 
(Larkum et al., 1989). 
Epifauna in Amphibolis seagrass meadows can play a vital role in the trophic 
linkages to higher order organisms (Jernakoff et al., 1996; Smit et al., 2005). 
Therefore, it is likely that a decrease in seagrass and epiphytic algae biomass 
resulting from reduced light will negatively affect the abundance of epifauna, 
with potentially negative impacts to secondary consumers and a subsequent flow-
on effect through the food web (Cmmolly, 1994; Edgar & Shaw, 1995). 
Generally, the abundance of epifauna is correlated with seagrass and epiphytic 
algae biomass (Edgar & Robertson, 1992; Jernakoff et al., 1996; Brearley & 
Wells, 2000) and epifauna abundance has been shown to decrease significantly 
when A. grif.fithii stem density and algal biomass are experimentally reduced 
(Edgar & Robertson, 1992; Delval, 1994). 
There are many reasons why epifauna abundance, species composition and 
production may change with reduced seagrass structural complexity, including 
increased predation, increased light, modified hydrodynamic flows, lower food 
resources and modified immigration and emigration (Edgar et al., 1992). These 
factors will potentially influence the epifauna composition; however it is not 
within the scope of this research to investigate all of these factors. Focus will 
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therefore be restricted to the changes in light availability which will be useful for 
gaining a better understanding of the mechanisms that influence epifauna in 
seagrass meadow affected by different durations and intensities of reduced light 
availability. 
The mechanisms through changes in seagrass and algae biomass that can affect 
epifauna include the associated changes in habitat structure, food availability and 
shelter from predation (Heck & Orth, 1980; Delval, 1994; Jernakoff et al., 1996; 
Hovel & Lipcius, 2001) and may not always be negative. Loss of epiphytic algae 
will reduce food availability for herbivore grazers, and over time a reduction in 
grazers will to lead to a reduction in carnivorous epifauna. However, loss of 
seagrass and epiphytic algae may also lead to a temporary increase in food 
availability for detritivores as dead material accumulates in the seagrass meadow 
(Jernakoff et al., 1996; Hemminga et al., 2000). 
Reduced structural complexity is likely to lead to a reduction in living areas for 
the epifauna to utilize, reduced refuge from predators, and increased water 
movement. Increased water movement may increase the rate of phytoplankton 
supply and potentially the rate it is consumed by suspension feeding epifauna. 
This in tum may change the abundance of these organisms and therefore result in 
a shift in the epifauna community structure (Jernakoffet al., 1996). 
Mobile-epifauna are suggested to actively select habitats that provide refuge from 
predation. Therefore, an area in a seagrass meadow with high seagrass and 
epiphytic algae surface area, biomass and density would be sought out by 
epifauna. Edgar and Robertson (1992) found that structurally simplifying 
seagrass meadows resulted in reduced epifauna abundance independently of 
potential predation, and therefore concluded that predation did not greatly 
influence faunal decline. They concluded that habitat selection provided the best 
explanation for changes in fauna following seagrass thilllling. 
Finally, different species of epifauna actively seeking refuge :fi·om predators and 
different food resources are thought to be associated with differing aspects of 
structural complexity. They may be dependent on certain structural components 
8 
of the seagrass. Edgar and Robertson (1992) found that epifauna associated with 
Amphibolis meadows can be divided into three broad classifications: epiphyte-
associated fauna which are influenced by the biomass of epiphytes, leaf-
associated fauna which are dependant on the presence of seagrass leaves, and 
fauna which increase in abundance after leaf removal and are possibly more 
linked to stem density. 
1.4 Significance and aims 
Dredging has, and will continue to, occur on the Western Australian coast and 
world-wide for routine maintenance of ports and for new developments such as 
land reclamation and harbour creation. Some dredging projects can be short and 
sharp, while others are intensive and take many years to complete. The 
manipulation of light intensities and durations in this experiment simulates the 
indirect effects of dredging activities and is based on the expected durations and 
light reduction intensities of major dredging projects. 
There are a few studies on the effects of reduced light availability in seagrass 
ecosytems on epifauna. Edgar's ( 1990b) study showed that reducing light 
availability for two months in "dark" microcosms caused a decrease in epifauna 
abundance but after one month in "dark" microcosms there was no significant 
effect. Edgar and Robertson's (1992) study demonstrated that after 12 days of 
reduced light in a density-reduced seagrass meadow there was a reduction in 
epifauna abundance and they postulated that epifauna show a selective 
preference for sunlit rather than darkened environments (Edgar & Robertson, 
1992). Manipulations of Amphibolis griffithii stmctural complexity have been 
examined previously (Delval, 1994) to determine the response of epifauna. A 
reduction in stem density influenced the density of algal epiphytes and in tum 
influenced the abundance and species composition of epifauna (Delval, 1994). 
Delval (1994) found that while some epifauna (amphipods) increased m 
abundance with decreased stmctural complexity, others decreased (isopods). 
These studies did not examme the effects of reduced light availability for 
different durations and for different intensities of reduction. This study continues 
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on :fi·om Edgar's (1990b), Delval's (1994) and Edgar and Robertson's (1992) 
research to fill gaps in the knowledge about how mobile epifauna change with 
light reduction by investigating the response of mobile epifauna to light 
reduction treatments, where light is reduced at different intensities and for 
different durations in an Amphibolis grif.fithii seagrass ecosystem. This study is 
relevant to environmental managers when considering the implications of 
dredging projects occurring adjacent to seagrass meadows, to determine potential 
changes to epifauna from the indirect effects of different durations and different 
intensities of reduced light. The particular changes in seagrass habitat are 
different to the changes in structural complexity examined in previous studies 
(Edgar, 1990b; Edgar & Robertson, 1992; Delval, 1994), as these changes occur 
gradually and potentially affect different components of seagrass structure and 
epiphyte species and biomass to the components manipulated in these previous 
studies. 
The aim of this project was to investigate the response of motile epifauna to 
modification of the structure of a Amphibolis grif.fithii seagrass meadow induced 
by three and six months of light reduction at two levels: unshaded (control), 
moderate reduction and high reduction. These treatments were imposed on the 
meadow as part of an existing, larger project culTently run by ECU and provide 
the oppmiunity to examine the effects of light manipulation on epifauna in an 
Amphibolis grif.fithii seagrass ecosystem (Figure 1.3). 
In other studies, it has been recognised that dredging can cause massive impacts 
to the seagrass ecosystem through direct loss and particulate smothering (EPA, 
2006; Badalamenti et al., 2006). This study has focussed solely on the indirect 
impact of the generation of a sediment plume suspended in the water column, 
and not on the potential impact of sediment smothering. It was not in the scope 
of this research to investigate both. Therefore, the specific aim of this research 
was to: 
@) Determine the effects of changes in an Amphibolis grif.fithii seagrass 
ecosystem due to light reduction of different intensities and durations on the 
abundance biomass, production and composition of mobile epifauna. 
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Directly related to this aim was the testable hypothesis: 
Ho: Reduced light in an Amphibolis griffithii seagrass meadow for different 
durations and different intensities does not have significant effects on the 
abundance, biomass, production and composition of mobile epifauna. 
In undertaking this research, it became apparent that a confounding factor had 
been introduced and this required additional assessment and experiments to be 
undertaken to allow the results of the main experiment to be interpreted. The 
treatment units in the main experiment were observed to unintentionally create a 
cave-like habitat in which some of the local fish species appeared to aggregate 
(personal observations; Figure 1.3). Therefore, the treatments potentially 
introduced a confounding factor, which made it difficult to separate the effects of 
habitat change in response to light reduction fi·om potential effects of altered fish 
abundances. It was therefore necessary to quantify whether there were 
differences in the fish composition and abundance between the treatment units. If 
the abundance of fish increased in treatments it was then necessary to investigate 
this confounding factor by assessing the abundance of epifauna in seagrass with 
reduced structural complexity. Reduced structural complexity of seagrass and 
potential reduced food availability is a direct result of light reduction (Mackey, 
2005) and was assessed to determine if any response in epifauna in light 
reduction treatments was due to altered habitat complexity. The two secondary 
aims ofthis research were therefore to: 
@> Quantify the abundance and composition of fish, a potentially confounding 
factor, in the experimental light reduction treatments. 
@> Detennine the effect of reduced structural complexity, mimicking complexity 
observed in experimental light reduction treatments, in Amphibolis griffithii 
meadows on epifauna abundance and composition. 
Directly related to these secondary aims were the testable hypotheses: 
Ho: The number of fish in the treatment plots with shade screens are no 
different to the control plots. 
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Ho: Reduced structural complexity of an Amphibolis grifjithii seagrass 
meadow does not have significant effects on the abundance and composition 
of motile epifauna. 
• ~lthy AmphlboliJgriffllhii communrty 
Prodators ptosent 
Eptphytrc alg~ and fauna pt~sent 
· ~agrass stuctual {Offiplexrty 
• Loght r~uc~ Amphlbolls grifflrhli communrty 
- Prodator rncrea~ 
• EpiphytiC alg~ and fauna ~~~ 
Rf'ducttOn'" s.pagrau s.ructuttll cornple-Jttly 
Figure 1.3 Conceptual model showing potential consequences of light reduction treatments in 
Amphibolis griffithii seagrass meadow. 
-1.5 Thesis structure 
This chapter has provided a short background on the effects of habitat 
degradation on biodiversity, in particular the potential impacts of dredging on 
seagrass and marcofaunal assemblages. The following two chapters ofthis thesis 
(Methods and Results) are each divided into three parts: Experiment 1 (part 1); 
epifauna response to light reduction treatments, experiment 1 (part 2); fish 
quantification (abundance and composition), and experiment 2; epifauna 
response to reduced structural complexity. The Discussion (Chapter 4) 
summarises and integrates these three experiments. References are presented in 
Chapter 5. 
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2. Methods 
2.1 Study site 
The study was conducted in Jurien Bay, on the mid-west coast of Western 
Australia, approximately 260 km north of Perth (Figure 2.1). The region was 
chosen for four main reasons: 
1. A larger research project, in which this Honours study is nested, is 
cunently in operation there; 
2. It is representative of a relatively undisturbed marine environment 
typical of the mid-west coast ofWestern Australia; 
3. It is projected to be a centre for extensive urban development in the 
future; 
4. It is a region with vast areas of healthy seagrass meadows. 
The study site was located approximately 200 metres ·north east of Boullanger 
Island (308402 E & 6645234 N; WGS 84 datum) and approximately 1 km from 
the mainland (Figure 2.1). It is sheltered from most ofthe ocean swell and winds 
(predominantly south westerly), and has a large, continuous meadow of 
Amphibolis griffithii in an average water depth of five metres. 
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Jurien Bay 
~ r-B-o-ul-la_n_g-er-I-s.---, .~ 
Figure 2.1: Map showing Jurien Bay town site, Boullanger islane:i and the study site (black dot) 
situated north-east ofBoullanger Island (Adapted from: W ALIS, 2002). 
2.2 Experiments 
This study consisted of two experiments to examine the indirect effect of light 
reducti9n in seagrass meadows on macroinve1iebrate epifauna and the 
mechanisms of response. The first experiment tested the response of 
macroinvertebrate epifauna to imposed light reduction treatments of differing 
intensity and duration using shade screens suspended above the canopy in an 
Amphibolis griffithii seagrass meadow. 
It was apparent at the end of the experiment that the design had potentially 
introduced a confounding factor for epifauna in some treatments; there appeared 
to be an increase in the abundance of fish under the shade screens used to create 
shading treatments. Therefore, a second component of the first experiment was 
analysed. A fish census survey was developed to quantify if this confounding 
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factor, a change in fish abundance and composition between light reduction 
treatments, existed. 
Following the first experiment, if the change in fish abundance was determined 
to be a confounding factor then it would be necessary to see if any changes in 
epifauna were possibly due to a change in habitat complexity. Therefore, a 
second experiment was set up to examine the response of epifauna to a loss of 
structural complexity in a seagrass meadow (a direct effect oflight reduction). In 
this experiment, the potentially confounding factor of changed fish presence was 
removed. 
2.2.1 Experiment 1. Part 1: Epifauna response to light reduction 
treatments 
2.2.1.1 Experimental design 
This study made use of an experimental design currently in place in a larger 
research project, the Jurien Bay Ecophysiology Project (hereafter Ecophysiology 
Project) which examined the effects of light reduction on seagrass ecosystems. 
The Ecophysiology Project tested the effects of three factors on Amphibolis 
grijjlthii ecosystems: intensity of light reduction (none, moderate and high), 
duration of light reduction (3, 6 & 9 months) and timing of light reduction (end 
of summer, end of winter). The Ecophysiology Project measured seagrass and 
epiphytic algae parameters and collected other samples for macroinvertebrate 
epifauna and infauna composition and abundance. 
The precise justification for the above experiment design is not the focus of this 
study. However, the Ecophysiology Project experiment provided the treatments 
necessary to test the effect of changes in seagrass characteristics, in response to 
light reduction, on the associated seagrass fauna. Following three and six months 
of light reduction, the A. grijjlthii meadow had responded by significant loss of 
leaf and algal biomass and structural complexity of the canopy (leaf clusters per 
stem and leaves per cluster; Table 2.1, unpublished data). I examined the 
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epifauna samples collected from plots where light reduction started at the end of 
winter, for a duration of tf?ree (W3) and six (W6) months, with high (9% of 
ambient light), moderate (15% of ambient light) and no (control) light reduction 
intensities. Although the actual amount of ambient light filtrating through the 
shade cloths was lower than expected due to algae fouling, particularly in the 
moderately shaded treatments, there were still considerable differences in the 
health of the seagrass meadow between moderate and high intensity shading 
(Table 2.1, unpublished data). 
Light reduction treatments were constructed using two different types of plastic 
shade cloth: 50% thickness (moderate light reduction) and 80% thickness (high 
light reduction). They were cut into 4.5 m long x 3 m wide (13.5 m2) sheets and 
suspended on Class 18 PVC frames. The frames were suspended approximately 
1.2 m above the sea floor on six pieces of metal reinforcing bars driven into the 
sediment at each comer of the plot and halfway along each of the longest sides. 
The frames were fastened to the bars with reinforcing clamps and the shade 
cloths were attached to the frames with cable ties (Figure 2.2). 
Control plots had the frame in place with no shade cloth, moderate plots had 50% 
light-reducing shade cloth and the high plots had 80% light-reducing shade cloth. 
Shade cloth was changed every 3 weeks to minimise the effects of algal fouling 
on the shade cloth. Each combination of treatment factors had five replicates. 
All of the plots had the rhizomes cut around the perimeter to prevent recovery 
through translocation of nutrients and sugars from the unshaded plants outside 
the plot area (Hemminga et al., 2000). Each treatment plot was positioned 
randomly within the study area. 
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Figure 2.2 A light reduction treatment plot at Jurien Bay study 'site, showing typical structural 
design. 
Table 2.1 Average sea grass leaf and algae biomass, number ofleaf clusters per stem and number 
of leaves per stem from control, moderate and high shaded plots shaded at the end of winter for 
three and six months (n=5 average± standard error; ECU unpublished data). 
Shading Shading Total Leaf Total Clusters Leaves per 
Duration Treatment Biomass Algae per Cluster (g/m2) Biomass Stem 
(g/m2) 
3 months Control 207 ± 17 204 ± 18 14 ± 0.87 2 ± 0.04 
Moderate 205 ± 11 106 ± 13 14 ± 0.78 2 ± 0.03 
High 70 ± 2 65 ± 5 10 ± 0.58 2 ± 0.01 
6 months Control 176 ± 17 123 ± 8 14 ± 0.61 3 ± 0.02 
Moderate 34 ± 0.99 65 ± 7 7 ± 0.43 2 ± 0.04 
High 9 ± 1 26 ± 2 4 ± 0.49 1 ± 0.04 
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2.2.1.2 Field collection 
Epifauna samples were collected on SCUBA on the 19th of December 2005 (W3) 
and 28th of March 2006 (W6). Fauna were sampled using a large calico bag with 
a quadrat (0.2 x 0.2 m) threaded into the opening of the bag. The quadrat and 
calico bag were lowered over seagrass stems and onto the sediment. Stems 
originating from outside the quadrat were carefully removed to minimise 
disturbance of the stems and ensure motile fauna did not escape from the bag. 
The seagrass was cut off at the sediment enclosing all seagrass, algal epiphytes 
and other material in the bags, while remaining dislodged living fauna (e.g. 
gastropods, echinoderms) were collected from inside the quadrat and placed in 
the calico bag. Three samples were collected in each plot. Samples were frozen 
at -20°C prior to sieving. 
2.2.1.3 Laboratory analysis of epifauna 
Analysis of mobile epifauna followed the methods Brearley & Wells (2000) and 
Edgar (1990c). Mobile epifauna were extracted from the seagrass by sieving 
through a 0.5 mm sieve. All fauna on the 0.5 mm sieve were rinsed into a 125 
mL sample container, covered with 70% ethanol and stored at 4°C until 
processing. Pilot work indicated that two samples were required for an adequate 
sample size so the epifauna from two samples were bulked into a single sample. 
Therefore the sample analysed was collected fi·om an area of 0.08 m2 from each 
replicate plot. 
Epifauna samples were emptied into a large Petri dish, sorted and counted under 
the dissecting microscope. Epifauna were sorted into five main taxonomic 
groups: Crustacea, Echinoderms, Molluscs, Worms and Other. Crustaceans were 
identified to class or order, Echinoderms, Molluscs and Worms to class and 
Other miscellaneous taxa to phylum. The Worms taxa group included 
polychaetes and the Other taxa group included juvenile fish and some dislodged 
sessile fauna including colonial ascidians and anemones. For the purposes of 
analyses and discussion the taxon within each main taxonomic group are 
hereafter referred to as sub-groups. All taxa were classified into taxonomic 
groups and sub-group based on keys and diagrams in Hale (1927), Jones & 
18 
Morgan (1994) and Edgar (1997), and personal communications with A. 
Brearley (Table 2.2). 
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Table 2.2 List of Taxa groups and sub-groups in this study with their taxonomic status: phylum, 
subphylum (if applicable), class and order (if applicable) (1 =sub-groups found in experiment 1 
only, 2 = sub-groups found in experiment 2 only) 
TAXANOMIC SUB-GROUP PHYLUM SUBPHYLUM CLASS 
GROUP NAME 
NAME 
Crustaceans Amphipods Arthropoda Crustacea Malacostraca 
Isopods Malacostraca 
Tanaids Malacostraca 
Decapods Malacostraca 
Mysids Malacostraca 
Cumaceans Malacostraca 
Ostracods Ostracoda 
Copepods Copepoda 
Nebalia Malacostraca 
Mites Chelicerata Arachnida 
Pycnogonids 2 Pycnogonida 
Molluscs Bivalves Mollusca Bivalvia 
Gastropods Gastropoda 
Polyplacophorans Polyplacophora 
Nudibranchs 1 Gastropoda, 
Sub-class 
Opisthobranchia 
Worms Polychaetes Annelida Polychaeta 
Echinoderms Asteroids 1 Echinodermata Asteroidea 
Ophiuroids Ophiuroidea 
Echinoids Echinoidea 
Others Anemones Cnidaria Anthozoa 
Colonial ascidian Chordata Ascidiacea 
Juvenile Fish Chordata Osteichthyes 
Within each sub-group, the size class of each individual was determined under a 
dissecting microscope with 8.0, 5.6, 4.0, 2.8, 2.0, 1.4, 1.0, 0.7 and 0.5 mm grids. 
The abundance of individuals from each sub-group in each size category was 
record~d and the samples were then placed into separate Eppendorf tubes. The 
size class and abundance data were used to estimate biomass (ash-free dry 
weight) using the biomass formulae ofEdgar (1990c) as: 
Biomass: log B =- 1.01 + 2.64*log S 
where B is the faunal ash-free dry weight (mg/m2) and S is the grid size. 
Secondary production (g/m2) was then calculated using the equation: 
Production: P = 0.0049*B o.os T 0·89 
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ORDER 
Amphipoda 
Isopoda 
Tanaidacea 
Decapoda 
Mysidacea 
Cumacea 
Nebaliacea 
Acarina 
where P is the daily macrobenthic production (/lg/day -1/m2), B is the ash-free 
dry weight (/lg) and Tis the water temperature (°C). Individuals 8 mm or larger 
were weighed (wet weight only) separately as these are not included in the 
regression formulae (Edgar 1990c). Biomass was estimated as a third ofthe wet 
weight and then the production formula was applied. 
2.2.1.4 Statistical analysis 
Univariate analysis: Data were summarised as the sum of all individuals in all 
size categories for total epifauna abundance and biomass. Total epifauna 
abundance and biomass were separated into the four main taxa groups 
(Crustaceans, Molluscs, Worms and Others) and data for each group were 
summarised as the sum of all individuals in all size categories for each group. 
The broad taxa groups of Echinoderms and Others were combined to form the 
Others group for analysis, due to relatively low abundances within both groups. 
Two-factor Analysis of variance (ANOVA) was used to test for any significant 
effect of intensity and duration of light reduction treatments on the following 
dependant variables: [SPSS version 11.0 in Windows (Coakes & Steed 2003)]: 
total epifauna abundance, total Crustacean abundance, total Mollusc abundance, 
total Worm abundance, total Others abundance, total epifauna biomass and total 
epifauna secondary production. Where ANOV A yielded significant effects, 
Fishers LSD post-hoc comparison tests were used to specify where the 
differences among treatments lay. 
Prior to running the two-factor ANOVAs, all data were tested for compliance 
with parametric rules of homogeneity of variance and normalised distribution. 
Normal distribution was tested by observing a histogram of the data. Levene's 
test for homogeneity was used on all epifauna abundance, biomass and secondary 
production data. Any data that did not comply with these assumptions were (Ln) 
transformed. 
A small number of larger individuals (>8 mm) were sporadically found in some 
samples (such as asteroids, juvenile fish, polychaetes, and colonial ascidians) and 
appeared to mask differences in the biomass of many other smaller and more 
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frequent species. Therefore, ANOV A was also performed on total biomass data, 
biomass at the four taxonomic groupings and total secondary production data for 
fauna under 8 mm in size ( <8 nm1), as described above. 
In some instances data violated the assumptions of the ANOV A, even after 
transformation. These data were analysed using the Kmskal-Wallis test (Coakes 
& Steed, 2003), which is a non-parametric equivalent to a two-factor statistical 
ANOVA. 
Multivariate analysis: Multivariate analyses were used to assess differences in 
epifauna composition due to duration and intensity of light reduction using 
routines within the PRIMER software package version 6 (Carr, 1997). Ordination 
(nonmetric multidimensional scaling) based on Bray & Curtis similarity values 
calculated from square root transformed abundance data from each sub-group 
and from sub-group presence/absence data to assess differences in epifauna 
assemblages among treatments (Carr, 1997). 
Analysis of similarity (ANOSIM) was employed on both these data sets to 
examme the significance of differences in epifauna assemblages among 
treatments. Two sets of ANOSIM tests were conducted: a two-way crossed 
ANOSIM on all data comparing all three light reduction intensity factors with 
both durations (three and six months); then a one-way ANOSIM separately for 
each duration, to test for significant differences among light reduction intensity 
treatments for each duration individually. Where ANOSIM revealed a significant 
result (p<0.05) and a strong separation of experimental factors (R>0.4), then the 
similarity percentages (SIMPER) routine was used to identify which sub-groups 
of epifauna were predominantly responsible for the differences between groups 
(Carr, 1997). Because SIMPER is essentially a one-way test, the separate dataset 
from the one-way ANOSIMs for each duration were used. 
22 
2.2.2 Experiment 1. Part 2: Fish census 
2.2.2.1 Experiment design 
The Ecophysiology Project used shade cloth to create the different light 
intensities in treatments. Diver observations suggested that this may have 
inadvertently created an artificial habitat favored by fish species, some of which 
may prey on epifauna. Therefore, to determine whether the experiment design 
had introduced a confounding factor of increased fish, the abundance of fish 
between control and treatment plots was assessed using videography surveys. 
Video surveys were carried out on the 15th and 16th of May 2006. Videography 
can capture fish behavior and abundances in the plots, and it is widely recognized 
as a valid method of recording animals that may be frightened away in the 
presence of humans (Wahle & Steneck, 1992). Underwater video cameras 
mounted on tripods were deployed by SCUBA. The cameras were positioned in 
the south east corner of each plot, just underneath th~ frame, facing diagonally 
across the plot area and just above the top of the seagrass canopy. Each camera 
recorded for approximately 15 minutes at each plot. This time is sufficient to 
record most of the typical species in the plots (Vanderkift, pers. comm.). A total 
of 12 experimental units were filmed; four replicate unshaded control plots, four 
replicate moderate shaded plots and four replicate high shaded plots. All shaded 
plots had been shaded from the end of winter, a period of approximately seven 
months. 
The plots were filmed in random order. Four plots (two moderate shade and two 
high shade) were filmed in the afternoon hours of the 15th of May and the 
remaining 8 plots (four control, two moderate shade and two high shade) were 
filmed in the morning hours of the 16th of May. Once one camera was positioned 
under the plot, it was set to record and the diver quickly swam away :fi·om the 
plot to minimize disturbance. After 15 minutes the diver returned, retrieved the 
camera :fi·om the plot and positioned it in another plot. 
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2.2.2.2 Data processing 
Fish species present were recorded at 1 minute intervals for each of the 15 
minutes of video footage. The fish observed were identified based on keys and 
diagrams in Hutchins & Swainston (1986), Edgar (1997), Froese & Pauly (2006) 
and personal communication with M. Vanderkift & G. Hyndes. Two parameters 
were derived from this data set. Firstly, the 'maximum fish abundance' was 
determined as the abundance in the one minute period in which the maximum 
number of fish were present. Second, 'the number of minutes present' (out of the 
total15 minutes) was determined as the number of minutes ofvideo footage that 
fish were observed. 
Fish species observed were also grouped according to typical diet, as determined 
from literature (Edgar, 1997; Platell & Potter, 1999; Froese & Pauly, 2006) and 
personal communication with M. Vanderkift & G. Hyndes. These trophic groups 
were classified as Herbivore (consumes plant material), Carnivore (consumes 
animals including other fish and invertebrates), Omnivore (consumes plant 
material and animals including other fish and invertebrates) and Invertivore 
(consumes invertebrates). The maximum number of fish and the number of 
minutes fish were present was calculated for each trophic group and also each 
species. 
2.2.2.3 Statistical analysis 
One-:way ANOVAs (SPSS versiOn 11.0 in Windows) were used to test for 
differences among light reduction treatments in maximum total fish abundance 
and maximum abundance for each trophic group (Carnivores, Omnivores and 
Invertivores). One-way ANOVAs were also used to test for differences in the 
number of minutes trophic groups (Carnivore and Omnivore) were present 
among treatments. Herbivores were not statistically analysed as there was only 
one species in this group present at one time and in one treatment. Data were 
transformed if required as described for part 1 of experiment 1. Following a 
significant result, Fishers LSD post-hoc test was used to determine the source of 
differences among the treatments. 
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The number of minutes total fish were present, and the number of minutes the 
trophic group 'Invertivore' were present, violated the assumptions of ANOVA 
and were therefore analysed using a non-parametric technique. The Kruskal-
Wallis test (Coakes & Steed, 2003) was used to test for differences among light 
reduction treatments. 
2.2.3 Experiment 2: Structural complexity reduction 
2.2.3.1 Experiment design 
The seagrass canopy structure was manipulated in an additional experiment to 
investigate the effect of reduced structural complexity (clusters/stem) in an A. 
griffithii meadow on epifauna abundance and composition in the absence of any 
light reduction treatment. Epifauna abundance and composition were compared 
in control plots (natural complexity) and plots in which the structural complexity 
of A. griffithii had been reduced to mimic that observed in the Ecophysiology 
Project after six months of moderate light reduction ( ~ six clusters per stem). In 
addition, procedural controls were constructed to control for any effects of 
physically handling the seagrass material. Each control and treatment had five 
replicates, thus 15 plots in total. 
The new plots were constructed on SCUBA on the 15th and the 16th ofMay 2006 
near the plots used in experiment 1. Each new plot was 1 m x 1 min size and 
was bordered by corner tent pegs buried in the sediment and flagging tape. Plots 
were positioned 1 m apart in random order. Care was taken not to disturb the 
control plot areas while creating treatments and the procedural controls. The low 
structural complexity treatments were created by cutting off leaf clusters, leaving 
only six clusters per stem and removing ~50 % of algal epiphytes from the 
seagrass canopy (stems and leaves). All excised material was removed from 
these plots so as not to create complexity through detrital accumulation. The 
procedural controls were subjected to the disturbance experienced in the creation 
of the treatments, but without the removal of elements of structural complexity. 
Plants were disturbed by rubbing a quadrat (1 m2) in the seagrass for 
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approximately one minute each. This movement did not result in the removal of 
epiphytic algae or leaves. The plots were sampled approximately one month 
later, on the 12th June 2006. This time period allowed for potential epifauna 
colonisation following disturbance during construction (Edgar & Robertson, 
1992). The epifauna collection and processing methods followed those described 
in sections 2.2.1.2 and 2.2.1.3, with the exception of the epifauna biomass and 
secondary production calculations, as these were not assessed in this experiment. 
2.2.3.2 Statistical analysis 
Univariate analysis: Data were summarised as the sum of all individuals in all 
size categories for total epifauna abundance. Total epifauna abundance were 
separated into the four main taxa groups (Crustaceans, Molluscs, Worms and 
Others) and data for each group was summarised as the sum of all individuals in 
all size categories for each group. The broad taxa groups of Echinoderms and 
Others were combined to form the Others group for analysis, due to relatively 
low abundances within both groups. 
One-way ANOVA was used to test for any significant effect of the fixed factor 
(treatment) on the following dependant variables: total epifauna abundance, total 
Crustacean abundance, total Mollusc abundance, total Worm abundance and total 
Others abundance between controls and treatments. All data were tested for 
compliance with the assumptions of ANOVA as described previously, with no 
transformation required. Where ANOV A yielded significant effects, Fishers LSD 
post-hoc comparison tests were used to determine where the significant 
differences among treatments lay. All analyses were performed using SPSS 
version 11.0 in Windows (Coakes et al., 2003). 
Multivariate analysis: Multivariate analyses were used to assess differences in 
epifauna sub-group composition due to structural complexity reduction using 
routines within the PRIMER software package (Carr, 1997). Ordination 
(nonmetric multidimensional scaling) based on Bray & Curtis similarity values 
calculated :fi·om non-transformed abundance data and sub-group 
presence/absence data was employed to assess differences in assemblages among 
treatments (Carr, 1997). One-way analysis of similarity (ANOSIM) was 
26 
employed on these datasets to examine if there were significant differences in 
epifauna assemblages among structural complexity treatments. 
27 
3. Results 
3.1 Experiment 1. Part 1: Epifauna response to light reduction 
treatments 
3.1.1 Epifauna abundance 
Faunal assemblages from all intensity and duration light reduction treatments 
were dominated by five broad taxa groups (in order of abundance): Crustaceans, 
Molluscs, Wom1s, Echinoderms and Others (Figure 3.1). Within these, a total of 
21 sub-groups were collected at the study site (Table 2.2), but not all were found 
in all treatments. 
There was a significant interactive effect of intensity and duration of light 
reduction on total epifauna abundance (Table 3.1). There were no significant 
differences among treatments after three months shading (Fishers LSD test 
p>0.05) but after six months of light reduction, moderate and high treatments 
both had significantly lower epifauna abundance than controls (Fishers LSD test 
p<0.05) (Figure 3.1). While the differences among treatments after three months 
were not significantly different, the trend in mean total epifauna abundance was 
similar to that after six months duration with moderate and high light reduction 
treatments having lower means than the control (Figure 3.1 ). 
Crustaceans and Molluscs were the most abundant taxa. Amphipods and 
ostracods dominated the Crustacean taxa (Figure 3.2), while gastropods and 
bivalves dominated the Mollusc taxa (Figure 3.3). For both Crustaceans and 
Molluscs, the effect of intensity and duration of light reduction on abundance 
mirrored total epifauna abundance; there was a significant interaction of intensity 
and duration with no significant differences among treatments after three months 
(Fishers LSD test p>0.05) but significantly lower abundances in moderate and 
high intensity light reduction treatments after six months (Fishers LSD test 
p<0.05) (Table 3.1). 
In the Crustacean taxonomic group, amphipods and tanaids showed the most 
dramatic decline in moderate and high intensity light reduction treatments after 
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three months, with the addition of copepods after SIX months (Figure 3.2). 
Ostracods did not appear to change with light reduction treatments after tlu·ee 
months, but after six months declined considerably but only in the high light 
reduction treatments (Figure 3.2). In the Mollusc taxonomic group, gastropods 
declined in moderate and high intensity light reduction treatments after three and 
six months of light reduction, but declined most dramatically after six months 
(Figure 3.3). Bivalves were not affected negatively by light reduction treatments 
and showed slightly higher abundance in the light reduction treatments after six 
months duration (Figure 3.3). 
There was no significant effect of intensity of light reduction treatments on the 
remaining taxonomic groups. For Worms there was a significant effect of 
duration on abundance (Table 3.1), with higher abundance in all six month 
duration treatments compared to all three month duration treatments (Figure 3.1 ). 
Echinoderms and "Other" taxa were combined and analysed together as there 
were comparatively low abundances. For this combined group, there was a 
significant interaction between intensity and duration of light reduction (Table 
3.1, Figure 3.1). The abundance was greater in all six month compared to three 
month treatments. This was driven predominantly by an increase in the 
abundance of colonial ascidians in the moderate and high intensity light 
reduction treatments after six months (Figure 3.4). 
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Figure 3.1 Mean abundance (m2) of epifauna taxa groups from cpntrol, moderate and high light 
reduction treatments in anAmphibolis grijjithii meadow for 3 and 6 months duration. All3 month 
data were collected in December 2005 and all 6 month data were collected in March 2006. Data 
are means ofn=5 with error bars+ SE (standard error) of total epifauna abundance. Shared letters 
above bars indicate no significant difference among light reduction intensity and duration 
treatments at p = 0.05 (Fishers LSD test). "Others" taxa includes echinoderms, juvenile fish, 
anemones and colonial ascidians. 
Epifauna abundance declined with light reduction treatments, however, this was only statistically 
significant at six months duration. 
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Figure 3.2 Mean abundance (m2) of Crustacean taxa from control, moderate and high light 
reduction treatments in anAmphibolis griffithii meadow for 3 and 6 months duration. All3 month 
data were collected in December 2005 and all 6 month data were collected in March 2006. Data 
are means of n=5 with error bars + SE (standard error) of total Crustacean abundance. Shared 
letters above bars indicate no significant difference among light reduction intensity and duration 
treatments at p = 0.05 (Fishers LSD test). Other Crustaceans includes Decapoda, Mysidacea, 
Cumaceans, Nebaliacea and Acarina. 
Crustacean abundance declined with light reduction treatments, however, this was only 
statistically significant at six months duration. Ostracods maintained similar abundances in all 
treatments except after six months of high intensity light reduction, where there was a decrease in 
abundance. 
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Figure 3.3 Mean abundance (m2) of Mollusc taxa from control, moderate and high light 
reduction treatments in an Amphibolis griffithii meadow for 3 and 6 months duration. All3 month 
data were collected in December 2005 and all 6 month data were collected in March 2006. Data 
are means ofn=5 with error bars+ SE (standard error) of total Mollusc abundance. Shared letters 
above bars indicate no significant difference among light reduction intensity and duration 
treatments at p = 0.05 (Fishers LSD test). "Other Molluscs" includes Polyplacophora and 
Nudibranchs. 
Mollusc abundance declined with light reduction treatments, however, this was only statistically 
significant at six months duration. 
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Figure 3.4 Mean abundance (m2) of the colonial ascidian sub-group within the "others" broad 
taxa group for control, moderate and high light reduction treatments in an Amphibolis griffithii 
meadow for 6 months duration. Data were collected in March 2006. All data are means of n=5 
with error bars± SE (standard error). 
Colonial ascidian abundance increased with light reduction treatments after 6 months light 
reduction duration. · 
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Table 3.1 Summary of two-way ANOVA results of epifauna abundance (total, crustaceans, 
molluscs, worms and others), biomass (total and <8mm total, <8mm crustaceans and <8mm 
molluscs) and production (total and <81mn total) comparing light reduction intensity treatments, 
durations of light reduction and the interaction of intensity with duration. All data were natural 
log transformed. "Others" includes echinoderms, juvenile fish, anemones and colonial ascidians. 
Note: Parameters that could not be analysed parametrically are in Table 3.2. 
Ns =not significant (p>0.05), * = p$0.05, ** = p$0.01, *** = p$0.001. 
ABUNDANCE Source df Mean F p 
square 
Total Epifauna Intensity 2 2.173 16.064 *** 
Duration 1 0.002 0.011 ns 
Intensity * Duration 2 0.631 4.661 * 
Error 24 0.135 
Crustaceans Intensity 2 2.299 15.774 *** 
Duration 1 0.586 4.022 ns 
Intensity * Duration 2 0.647 4.441 * 
Error 24 0.146 
Molluscs Intensity 2 2.692 12.899 *** 
Duration 1 0.255 1.222 ns 
Intensity* Duration 2 0.973 4.661 * 
Error 24 0.209 
Worms Intensity 2 1.431 2.600 ns 
Duration 1 14.800 26.894 *** 
h1tensity * Duration 2 0.120 0.218 ns 
Error 24 0.550 
Others Intensity 2 0.841. 1.138 ns 
Duration 1 9.806 13.273 ** 
Intensity* Duration 2 2.565 3.472 * 
Error 24 0.739 
BIOMASS 
Total Epifauna Intensity 2 1.501 1.912 ns 
Duration 1 1.918 2.443 ns 
Intensity* Duration 2 0.164 0.209 ns 
Error 24 0.785 
Total Epifauna (<8mm) Intensity 2 0.526 3.545 * 
Duration 1 1.415 9.532 ** 
Intensity* Duration 2 0.012 0.079 ns 
Error 24 0.148 
Crustaceans (<8mm) Intensity 2 1.635 9.390 ** 
Duration 1 0.004 0.024 ns 
Intensity * Duration 2 0.001 0.008 ns 
Error 24 0.174 
Molluscs (<8mm) Intensity 2 0.277 1.496 ns 
Duration 1 1.474 7.968 ** 
Intensity * Duration 2 0.441 2.384 ns 
Error 24 0.185 
PRODUCTION 
Total Epifauna h1tensity 2 0.891 2.480 ns 
Duration 1 0.850 2.365 ns 
h1tensity *Duration 2 0.039 0.109 ns 
Error 24 0.360 
Total Epifauna (<8mm) h1tensity 2 0.797 5.796 ** 
Duration 1 0.413 3.001 ns 
h1tensity * Duration 2 0.006 0.045 ns 
Error 24 0.137 
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3.1.2 Epifauna biomass 
There were no significant differences m the total biomass (includes <8mm 
individuals) of epifauna among light reduction intensity and duration treatments 
(Table 3.1, Figure 3.5a). Total biomass of the taxa groups were unable to be 
normalised after transformation and so were individually analysed using the 
Kruskal-Wallis test (Table 3.2). Each light reduction duration was analysed 
separately as the Kruskal-Wallis test only allows one factor to be tested. There 
was a significant difference in Crustacean biomass among light reduction 
treatments for three months duration, but not after six months. There were no 
significant differences in total biomass of Molluscs, Worms, Echinoderms or 
Other taxa among the light reduction treatments after either three month or six 
month durations. 
The total biomass estimates were greatly influenced by a few large individuals 
(>8mm) (Figure 3.5). To remove this variation the biomass was re-examined 
based on all individuals less than 8 mm (Figure 3.5). There was a significant 
effect of light reduction intensity and duration on epifauna biomass ( <8mm) 
(Table 3.1 ). The epifauna biomass ( <8mm) was significantly higher in all six 
month treatments than three month treatments (Figure 3 .5b) and high intensity 
light reduction treatments had significantly lower biomass than the controls in 
both durations (Fishers LSD test p<0.05), but controls were not significantly 
different to moderate treatments and moderate and high shaded treatments were 
not significantly different to each other (both Fishers LSD test p>0.05). 
There were significant differences in the biomass ( <8mm) of Crustacean and 
Mollusc taxa among treatments (Table 3.1). Crustacean biomass (<8mm) 
differed significantly among light reduction intensities with significantly lower 
biomass in high intensity light reduction treatments than the controls (Fishers 
LSD test p<0.05) but not between control and moderate treatments, nor moderate 
and high treatments (Fishers LSD test p>0.05) (Figure 3.5b). Mollusc biomass 
( <8mm) was affected significantly by the duration of light reduction (Table 3.1 ), 
with higher biomass in all six month duration treatments compared to three 
months. 
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Biomass (<8mm) of Worms and Echinoderms were individually analysed using 
the Kruskal-Wallis test, as the data were unable to be normalised after 
transformation (Table 3.2). There were no significant differences found among 
the shading treatments after three month and six months of shading. "Others" 
taxa were not analysed as none were less than 8 mm in size. 
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Figure 3.5 (a) Mean total biomass (including >81mn), and (b) total biomass (<81mn), of epifauna 
taxa ash-free dry weight (mg/m2) from control, moderate and high light reduction treatments in an 
Amphibolis griffithii meadow after 3 and 6 months duration. All 3 month data were collected in 
December 2005 and all 6 month data were collected in March 2006. All data are means of n=5 + 
SE (standard error) of total biomass. Shared letters above bars indicate no significant difference 
among light reduction intensity and duration treatments at p = 0.05 (Fishers LSD test). "Others" 
taxa includes juvenile fish, anemones and colonial ascidians and absent at <8mm. 
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Table 3.2 Results of Kruskal-Wallis tests for significant differences in total biomass of taxa 
groups and biomass (<8mm) after 3 and 6 months duration of light reduction. Note: these 
parameters could not be analysed _parametrically. 
Ns =not significant (p>0.05), * = p:S0.05. 
BIOMASS Sub-group 3 months 6 months 
Crustaceans * ns 
Molluscs ns ns 
Worms ns ns 
Echinoderms ns ns 
Others ns ns 
BIOMASS (<8mm) Sub- 3 months 6 months 
group 
Wonns ns ns 
Echinoderms ns ns 
3.1.3 Epifauna production 
There was no significant effect of treatment or duration on the estimated 
secondary production of total epifauna (Table 3.1, Figure 3.6a). When analysis 
was constrained to <8mm epifauna there was a significant difference among 
treatments (Table 3.1, Figure 3.6b). Post hoc testing indicated that secondary 
production in control treatments was significantly higher than high light 
reduction treatments (Fishers LSD test p<0.05) but not moderate treatments 
(Fishers LSD test p>0.05). Moderate and high shaded treatments were not 
significantly different to each other (Fishers LSD test p>0.05). 
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Figure 3.6 (a) Mean total estimated secondary production and (b) total estimated secondary 
production ( <Smm) of epifauna taxa (!lg/m2) from control, moderate and high light reduction 
treatments in an Amphibolis griffithii meadow after 3 and 6 months duration. All 3 month data 
were collected in December 2005 and all 6 month data were collected in March 2006. Data are 
means ofn=5 + SE (standard error) of total estimated secondary production. Shared letters above 
bars indicate no significant difference among light reduction intensity and duration treatments at 
p = 0.05 (Fishers LSD test). "Others" taxa includes juvenile fish, anemones and colonial 
ascidians and absent at <Smm. 
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3.1.4 Epifauna composition 
Multivariate analysis was carried out to investigate if the taxa composition 
changed with light reduction intensity and duration. Taxa used the in analysis 
were based on the 21 sub-groups identified in this experiment (Table 2.2). 
Ordination based on abundance data revealed a separation of samples according 
to the intensity and duration of light reductions (Figure 3. 7a) which was stronger 
than that based on sub-group presence and absence (Figure 3.7b). Using 
abundance data samples from three and six month light reduction durations 
separated along the vertical axis, while samples from the light reduction intensity 
treatments separated along the horizontal axis. 
Analysis of similarity (ANOSIM) was conducted to test for significant 
differences among light reduction treatments and between durations of light 
reduction. Two-way crossed ANOSIM confrrmed significant differences 
between shading intensity and duration based on ~ansformed (square root) 
abundance data with a higher level of significance and stronger global R values 
for all treatments at the six month duration compared to three months (Table 
3.3). PRIMER does not allow pair-wise comparisons on an interaction term, so 
one-way ANOSIM was run to test for differences between shading treatments 
separately for both three and six months duration of light reduction based on 
transformed (square root) abundance data (Table 3.3). There were significant 
differences between the control and moderate treatments and control and high 
treatments for both three and six month durations, no significant difference 
between moderate and high treatments for three months duration and a weak 
significant difference between moderate and high treatments for six months 
duration (Table 3.3). These results suggest that as duration of light reduction 
increases from three to six months, the intensity of light reduction influences 
epifauna composition. 
For presence and abs~nce data ANOSIM confrrmed a weaker but still significant 
difference between three and six month light reduction durations and a 
significant difference among treatn1ents (Table 3.3). One-way ANOSIM was run 
to test for differences among light reduction treattnents separately for both three 
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and six durations of light reduction (Table 3.3). There were no significant 
differences among light red1:1ction intensity treatments for three month and for six 
month light reduction durations (Table 3.3). 
Similarity percentage (SIMPER) analysis was employed in PRIMER to 
determine which sub-groups were accounting for the discrimination among light 
reduction treatments and between durations of light reduction based on 
transformed (square root) abundance data. SIMPER showed that after three 
months the sub-groups that accounted for most of the discrimination based on 
abundance among control vs moderate and control vs high treatments were the 
same: gastropods, amphipods and tanaids (Table 3.4). ANOSIM had revealed 
that moderate and high treatments were not significantly different so no taxa 
were identified (Table 3.3). After six months of light reduction treatments, 
gastropods continued to be the main sub-group explaining the discrimination 
between control vs moderate (--25%) and control vs high (-25%) treatn1ents. 
Weak differences in the moderate and high light reduction treatments were 
explained by the relative abundance of ostracods, bivalves and gastropods, which 
were more abundant in the moderate compared to the high treatments (Table 
3.4). 
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Figure 3. 7 Results of 2-dimensional MDS ordination of epifauna assemblages from control, 
moderate and high light reduction intensity treatments after three and six months of light 
reduction. Data based on (a) transformed (square root) abundance data and (b) on presence and 
absence data for taxa sub-groups. Ordinations were based on Bray-Curtis resemblance matrices. 
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Table 3.3 Two-way crossed ANOSIM and separate three and six month one-way ANOSIM 
results testing for differences in epifauna composition between control, moderate and high 
treatments and between three and six month durations based on transformed (square root) 
abundance data and sub-group pr-esence/absence data. R: R statistic (also referred to as Clarke's 
R or global R). 
Ns =not significant (p>0.05), * = p:::;0.05, ** = p:::;0.01, *** = pS:O.OOl. 
ABUNDANCE Groups tested R Permutations p 
Total Intensity 0.517 999 ** 
Total Duration 0.657 999 ** 
Pair-wise comparisons Control vs 0.622 999 ** 
Moderate 
Control vs High 0.768 999 ** 
Moderate vs 0.106 999 ns 
High 
Duration 
3 months Intensity 0.306 999 ** 
Pair-wise comparisons Control vs 0.44 126 * 
Moderate 
Control vs High 0.544 126 * 
Moderate vs -0.14 126 ns 
High 
6 months Intensity 0.729 999 ** 
Pair-wise comparisons Control vs 0.804 126 ** 
Moderate 
Control vs High 0.992 126 ** 
Moderate vs 0.352 126 * 
High 
PRESENCE/ ABSENCE 
Total Intensity 0.175 999 ** 
Total Duration 0.377 999 ** 
Pair-wise comparisons Control vs 0.288 999 ** 
Moderate 
Control vs High 0.266 999 *** 
Moderate vs -0.011 999 ns 
High 
Duration 
3 months Intensity 0.163 999 * 
Pair-wise comparisons Control vs 0.224 126 * 
Moderate 
Control vs High 0.236 126 * 
Moderate vs 0.014 126 ns 
High 
6 months Intensity 0.188 999 * 
Pair-wise comparisons Control vs 0.352 126 * 
Moderate 
Control vs High 0.296 126 * 
Moderate vs -0.036 126 ns 
High 
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Table 3.4 Results of SIMPER analysis showing average abundances, dissimilarity and 
percentage of sub-group contribution to community structure of control, moderate and high light 
reduction treatments for three and six months duration (based on square root transformed data). 
Data are for sub-groups that cumulatively account for the first 50% of similarity between groups 
(only the 3 highest contributors included in table). SIMPER was not conducted for moderate and 
high treatments after three months duration due to no significant difference detected by 
ANOSIM. 
Duration/Sub- Average Average Average Dissimilarity/ Contribution Cumulative 
group Abundances Abundances dissimilarity standard (%) contribution 
deviation (%) 
3 months Control Moderate 
Amp hi pods 215 127.8 3.66 1.71 15.94 15.94 
Gastropods 188.8 103 3.61 1.29 15.74 31.67 
Tanaids 21.4 2.6 2.73 1.86 11.91 43.58 
3 months Control High 
Gastropods 188.8 69.4 4.20 1.33 16.33 16.33 
Amphipods 215 122.2 3.58 2.14 13.94 30.27 
Tan aids 21.4 1.6 3.08 2.05 11.98 42.25 
6 month Control Moderate 
Gastropods 499.6 91.4 8.31 2.87 25.08 25.08 
Copepods 86.4 7.2 4.17 2.39 12.61 37.69 
Amphipods 132.4 51.6 2.71 1.59 8.18 45.87 
6 month Control High 
Gastropods 499.6 46.4 11.16 4.50 25.71 25.71 
Copepods 86.4 1.6 5.61 3.77 12.93 38.64 
Ostracods 86 15.4 3.71 2.94 8.54 47.18 
6 month Moderate High 
Ostracods 65.8 15.4 3.95 2.98 14.52 14.52 
Bivalves 91 60.6 3.04 1.21 11.16 25.68 
Gastropods 91.4 46.4 2.84 2.07 10.43 36.11 
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3.2 Experiment 1. Part 2: :Fish census 
3.2.1 Maximum number of fish 
A total of 13 fish species were identified across all treatments (Table 3.5). One-
way ANOV A indicated the different shading treatments had a significant effect 
on the maximum number of fish present in any one minute period (x2 = 1.238, F 
= 7.067, df 2; P<0.05), with moderate and high intensity light reduction 
treatments having significantly higher abundances than the controls (Fishers LSD 
test p<0.05). Although not significant, there was a trend of a greater maximum 
number of fish present in a one minute interval in the high light reduction 
treatments compared to the moderate light reduction (Figure 3.8). 
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Figure 3.8 Mean maximum number fish present± SE (standard error) in control, moderate and 
high shading treatments (n=4). Fish were observed in May 2006. Shared letters above bars 
indicate no significant difference at p = 0.05 (Fishers LSD test). 
Fish were significantly less abundant in the control treatments compared to the light reduction 
treatments (moderate and high). 
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3.2.2 Maximum number of trophic groups and species 
All fish species were grouped according to known diets indicated in Table 3.5. 
The abundance of Carnivorous and 011111ivorous fish did not significantly differ 
among treatments (Table 3.6). Invertivorous fish abundance was significantly 
higher in moderate and high treatments compared to controls but did not differ 
from each other (Table 3.5). Herbivorous fish abundance data were not analysed 
as only one fish was observed in a single replicate of the moderate intensity light 
reduction treatment at a single one minute period (Table 3.5). 
Table 3.5 List of species and groups according to diet of fish filmed in experimental plots in May 
2006. Values for each species are the means ofn=4 and SE (standard errors) of the maximum 
number of each species observed in a one minute period for each treatment (control, moderate 
and high light reduction) out of 15 minutes total observed. * indicates potential predators of 
epifauna. 
Maximum number of fish/ light reduction 
treatment 
Species name & Trophic Common name Control Moderate High Mean 
groups Mean:;!: SE Mean±SE ±SE 
Herbivore 0±0 0.25 ± 0.13 0±0 
Odax cyanomelas Herring Cale 0±0 0.25 ± 0.13 0±0 
Carnivore 1 ± 0.354 10.5 ± 2.367 3.25 ± 0.747 
*Pentapodus vitta West. Aust. Butterfish 0±0 0.75 ± 0.13 0±0 
*Sphyraena obtusata Striped Seapike 0±0 2.5 ± 1.09 0.75 ± 0.24 
*Psammoperca 1vaigiensis Sand bass 1 ± 0.35 9.5 ± 2.15 3.25 ± 0.75 
Omnivore 5.25 ± 2.14 0.25 ± 0.13 11.5 ± 5.75 
*Pelsartia humeralis Sea trumpeter 0.50 ± 0.14 0±0 11.5±5.75 
*Pelates sexlineatus Striped trumpeter 5 ± 2.18 0±0 0±0 
*Torguigener pleurogramma Blowfish 0.25 ± 0.13 0±0 0±0 
*Scobinichthys granulatus Rough leather jacket 0±0 0.25 ± 0.13 0±0 
Invertivore 0.25 ± 0.13 10.75 ± 2.16 33.75 ± 8.35 
*Apogon rueppellii Gobbleguts 0.25 ± 0.13 4.25 ± 1.96 2.25 ± 0.83 
*Enoplosus armatus' Old wife 0±0 6.75 ± 2.13 0.75 ± 0.38 
*Apogon victoriae Red striped cardinalfish 0±0 0.25 ± 0.13 0±0 
*Pempheris klunzingeri Rough bullseye 0±0 3 ± 1.34 32.3 ± 8.49 
*Coris auricularis Western king wrasse 0±0 0±0 0.75 ± 0.38 
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Table 3.6 Summary of one-way ANOV A results testing for significant effects of light reduction 
intensity treatments on maximum number of fish according to diet type. All data were Ln 
transformed. 
Ns =not significant (p>0.05), * = p:S0.05, ** = p:S0.01, *** = p:SO.OOI. 
Source df Mean square 
Invertivores Intensity 2 8.396 
Omnivores 
Carnivores 
Error 9 1.081 
Intensity 
Error 
Intensity 
Error 
2 
9 
2 
9 
1.129 
1.803 
2.521 
0.749 
3.2.3 Maximum number of minutes fish present 
F p 
7.766 * 
0.626 ns 
3.365 ns 
Fish presence in experimental plots was measured based on the number of 
minutes out of 15 minutes that they were observed. As fish presence data could 
not be transformed to meet the assumptions of ANOV A, data were analysed 
using the nonparametric Kruskal-Wallis test. The number of minutes fish were 
present differed significantly among treatments (x2 = 40.202, df 2; P<0.001). In 
controls, fish were present on average 2.25 out of 15 minutes (----15% of time) 
compared to 13.00 and 13.75 out of 15 minutes (~87% and 92% of time) in the 
moderate and high shading treatments (Figure 3.9). 
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Figure 3.9 Mean number of minutes fish present± SE (standard error) in control, moderate and 
high shading treatments out of 15 minutes (n=4) Fish were observed in May 2006. 
Fish were present for a significantly lower amount of time in the control treatments compared to 
the light reduction treatments (moderate and high). 
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3.2.4 Maximum number of minutes trophic groups and species present 
All fish species were grouped according to known diets indicated in Table 3. 7. 
Omnivore presence was not significantly different among light reduction 
intensity treatments but the Carnivore and Invertivore presence differed 
significantly among treatments (Table 3.8). The maximum number of minutes 
Carnivores were present was significantly higher in moderate light reduction 
intensity treatments (Table 3. 7). Invertivore data could not be transformed to 
meet the assumptions of ANOV A analysis so a Kruskal-Wallis nonparatnetric 
test was used; the number of minutes Invertivores were present differed 
significantly among treatments (x2 = 7.466, df2; P=0.024), with greater presence 
in moderate and high intensity light reduction treatments (Table 3. 7). 
Herbivorous fish abundance data were not analysed as only one fish was 
observed in a single replicate of the moderate intensity light reduction treatment 
at a single one minute period (Table 3.7). 
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Table 3. 7 List of species and groups according to diets of fish filmed in experimental plots in 
May 2006. Values for each species are the means ofn=4 and SE (standard errors) of the number 
of minutes each species were observed for each treatment (control, moderate and high light 
reduction) out of 15 minutes totafobserved. *indicates potential predators of epifauna. 
Fish presence (minutes)/ light reduction 
treatment 
Species name & Trophic Common name Control Moderate High Mean 
groups Mean±SE Mean±SE ±SE 
Herbivore 0±0 0.25 ± 0.13 0±0 
Odax cyanomelas Herring Cale 0±0 0.25 ± 0.13 0±0 
Carnivore 1.25 ± 0.47 10.25 ± 1.41 5.25 ± 1.14 
*Pentapodus vitta West. Aust. Butter fish 0±0 1 ±0.2 0±0 
*Sphyraena obtusata Striped Seapike 0±0 6 ± 1.37 0.75 ± 0.24 
* Psammoperca 1vaigiensis Sand bass 1.25 ± 0.47 9.75 ± 1.55 4.5 ± 1.11 
Omnivore 1.25 ± 0.32 0.25 ± 0.125 3.5 ± 1.75 
*Pelsartia humeralis Sea trumpeter 0.5 ± 0.14 0±0 3.5 ± 1.75 
*Pelates sexlineatus Striped trumpeter 0.5 ± 0.14 0±0 0±0 
*Torguigener pleurogramma Blowfish 0.25 ± 0.13 0±0 0±0 
*Scobinichthys granulatus Rough leather jacket 0±0 0.25 ± 0.13 0±0 
Invertivore 0.25 ± 0.13 11.5 ± 1.59 8.25 ± 1.95 
*Apogon rueppellii Gobbleguts 0.25 ± 0.13 4.25 ± 1.81 1.25 ± 0.47 
*Enoplosus armatus Old wife 0±0 8 ± 1.88 2.25 ± 1.13 
*Apogon victoriae Red striped cardinalfish 0±0 1.5 ± 0.75 0±0 
*Pempheris klunzingeri Rough bullseye 0±0 2.75 ± 0.94 8 ± 2.03 
*Caris auricularis Western king wrasse 0±0 0±0 2.5 ± 1.25 
Table 3.8 Smmnary of one-way ANOV A results on log transformed data comparing fish 
presence according to diet type present in control, moderate and high intensity light reduction 
treatments. Note: Invertivore data in text as unable to be analysed parametrically. 
Ns =not significant (p>0.05), * = p~0.05. 
Source df Mean square F p 
Omnivores Intensity 2 0.350 0.461 ns 
Error 9 0.758 
Carnivores Intensity 2 3.009 4.405 * 
Error 9 0.683 
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3.3 Experiment 2: Structural complexity reduction 
3.3.1 Epifauna abundance 
There were five main taxa in the faunal assemblages identified in the structural 
complexity reduction experiment (in order of abundance): Crustaceans, 
Molluscs, Worms, Echinoderms and Others. Within these, a total of 20 sub-
groups were found (Table 2.2), but not all were found in all treatments. As in part 
1 of experiment 1, Crustaceans and Molluscs were the two most abundant taxa 
and were present in all samples (Figure 3.10). 
There was a trend of reduced average total epifauna abundance from the control 
to the procedural control and to the treatment (Figure 3.10). However this was 
not statistically significant (Table 3.9). There were also no significant 
differences among treatments for the taxa group abundance, with the exception 
of Worms. There was a significant difference among treatments for Worms 
(Table 3.9), with significantly lower abundance of Worms in treatments 
compared to controls and procedural controls (Fishers LSD test p<0.05) (Figure 
3.10). Crustacean and Mollusc abundances were not significantly different 
among treatments, although the trends followed the same general pattern as 
observed in experiment 1 (Figures 3.11 & 3.12), with a reduction in abundance 
fi:om controls to treatments and the same patterns were observed for the 
amphipod and gastropod sub-groups. Echinoderms and "Other" taxa were 
combined and analysed together as there were comparatively low abundances. 
For this combined group, there was no significant difference among treatments 
(Table 3r~, Figure 3.10). 
Two treatment replicates were lost during field collection due to circumstances 
beyond my control. Therefore, the sample size was reduced from five replicates 
per treatment to three. To test the impact of this on the power of ANOV A, a 
power test was performed (Zar, 1999) based on the actual means of the 
treatments and the variance of the entire sample set. There was a 68% chance of 
committing a Type 2 error at significance level of 0.05 (the probability of 
accepting the null hypothesis when it is in fact false and should be rejected). 
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With five replicates per treatment and based on the same mean and variance 
there would have been a 9~ chance of committing a Type 2 error at significance 
level set at 0.05. Thus, had five replicate samples from each treatment been 
analysed there is a higher probability that a significant difference would have 
been detected. 
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Figure 3.10 Mean abundance (m2) of epifauna taxa in structurally modified (control, procedural 
control and structurally reduced) Amphibolis griffithii meadow. All data are means of n=3 with 
error bars+ SE (standard error) of total epifauna abundance. "Others" taxa includes echinoderms, 
juvenile fish, anemones and colonial ascidians. Epifauna abundance declined with procedural 
control and structurally reduced treatments, however, this was not statistically significant. 
51 
r\~ 
-w 
en 
+ 
c: 
C\S 
Cl> 
:E 
-N 
E 
..._ 
.!!1. 
ro 
:s 
"'C 
:~ 
"'C 
.E 
16000 
14000 
12000 
10000 
8000 
6000 
4000 
2000 
0 
Control Procedural 
control 
Treatment 
Structural complexity treatments 
D Other Crustaceans 
Ill Tanaids 
mm lsopods 
D Ostracods 
DAmphipods 
Figure 3.11 Mean abundance (m2) of Crustacean taxa in structurally modified (control, 
procedural control and structurally reduced) Amphibolis griffithii meadow. All data are means of 
n=3 with error bars + SE (standard error) of total Crustacean abundance. "Other Crustaceans" 
includes Decapoda, Mysidacea, Cumacean, Copepoda, Pycnogonida, Nebaliacea and Acarina. 
Crustacean abundance declined with procedural control and structurally reduced 
treatments;,however, this was not statistically significant. 
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Figure 3.12 Mean abundance (m2) of Mollusc taxa in structurally modified (control, procedural 
control and structurally reduced) Amphibolis griffithii meadow. All data are means of n=3 with 
error bars + SE (standard error) of total Mollusc abundance. Mollusc abundance declined with 
procedural control and ·structurally reduced treatments, however, this was not statistically 
significant. 
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Table 3.9 Summary of one-way ANOV A results testing for significant effects of seagrass 
structural complexity treatments on epifauna abundance data. "Others" taxa includes 
echinoderms, juvenile fish, anem~nes and colonial ascidians. 
Ns =not significant (p>0.05), * = p::S0.05, ** = p::S0.01, *** = p::SO.OOI. 
ABUNDANCE Source df Mean square F p 
Total Epifauna Complexity 2 1360693.44 2.949 ns 
Error 6 461471.22 
Crustacean Complexity 2 264367.44 1.956 ns 
Error 6 135131.33 
Mollusc Complexity 2 360597.00 3.557 ns 
Error 6 101369.33 
Worms Complexity 2 3684.78 8.743 * 
Error 6 421.44 
Others Complexity 2 6.78 3.813 ns 
Error 6 1.78 
3.3.2 Epifauna composition 
Multivariate analysis was carried out to investigate ·if the taxa composition 
changed with structural complexity reduction. Taxa used in the analysis were 
based on the 20 sub-groups identified in Table 2.2. Ordination based on 
transformed (square root) abundance data and sub-group presence/absence data 
revealed some separation of samples according to complexity reduction 
!\ 
treatments (Figure 3.13a & b). However, ANOSIM showed no significant 
differences between seagrass structural complexity treatments at a significance 
level of0.05 (Table 3.10). 
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Figure 3.13 Results of 2-dimentional :MDS ordination of epifauna assemblages from control, 
procedural control and structural complexity reduced treatments. Data based on (a) transformed 
(square root) abundance data and (b) on presence and absence data for sub-groups. Ordinations 
were based on Bray-Curtis resemblance matrices. 
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Table 3.10 One- way ANOSIM results testing for differences in composition between control, 
procedural control and structural complexity reduced treatments based on transformed (square 
root) abundance data and sub-group presence/absence data. R: R statistic (also referred to as 
Clarke's R or global R). · · 
Ns =not significant (p>0.05), * = p~0.05, ** = p~O.Ol, *** = p~O.OOI. 
ABUNDANCE Groups tested R Permutations p 
Total Structural 0.333 280 ns 
complexity 
PRESENCE/ABSENCE 
Total Structural 0.148 280 ns 
complexity 
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4. Discussion 
This study has demonstrated indirect effects of reduced light treatments on 
mobile epifauna in Amphibolis griffithii seagrass meadows in Jurien Bay. 
Experimental treatments reducing light availability significantly reduced 
epifauna abundance, biomass and production after three or six months duration. 
However, fish presence and abundance was higher in light reduction treatments, 
confirming fish as a confounding factor in this experiment. 
Without further investigation, the presence of this confounding factor would 
prevent conclusions being drawn in relation to the effect of light-mediated 
change in habitat complexity and food availability on seagrass epifauna. 
However, by reducing the structural complexity and food availability of the 
seagrass without the use of shade screens, the confounding factor of increased 
fish presence and abundance was removed. With reduction in seagrass structural 
complexity and food availability there was a trend of decreasing epifauna 
abundance, parallel to that found in the main experiment. Yet, unlike the light 
reduction experiment, the trend was not statistically significant. Had five 
replicates been successfully collected there was a considerably higher likelihood 
that a significant result may have been detected. 
Therefore, based on these experiments it can be inferred that at least some of the 
decline' in epifauna abundance :fi·om light reduction treatments at different 
intensities and durations can be attributed to a reduction in seagrass structural 
complexity and food availability which is a direct result of light reduction. 
However, it cam1ot be discounted that increased fish in experimental treatments 
may have potentially increased predation and contributed to the decrease in 
epifauna abundance. 
4.1 Duration and intensity of light reduction treatments on epifauna 
abundance 
56 
Total epifauna abundance decreased with increased duration and intensity of 
light reduction. Multivariate analyses revealed much weaker patterns in the 
assemblage composition when based on presence/absence data compared to 
abundance data, indicating that light reduction treatments predominantly affected 
the abundance of epifauna with little change to the number of taxa present. 
Lewis (1984), cited in Edgar (1999d) and Jemakoff et al. (1996), listed a number 
of key factors potentially contributing to the change in epifauna abundance, 
biomass and production in a structurally reduced seagrass meadow. These 
included impacts on habitat provision, food availability, a variety of 
microhabitats, protection fi-om predation, sediment deposition and stabilisation, 
and hydrodynamic forces. The mechanisms accounting for the decline in 
epifauna abundance in this study are not clear, however at least some of the 
effect can be attributed to reduction in the structural complexity and food 
availability of the seagrass canopy. 
The ECU Jurien Ecophysiology study has shown that both high and moderate 
light reduction affects the morphological characteristics of an A. griffithii 
meadow (unpublished data, Table 2.1 ). In particular, the study has shown 
seagrass leaf biomass, algal epiphyte biomass, the number of leaf clusters per 
stem and the number of leaves per leaf cluster all generally declined with light 
reduction treatments, and declined further with a longer duration and higher 
intensity of light reduction. This is commonly observed in seagrass habitats 
where reduced PAR decreases seagrass productivity, resulting in reduced 
biomass and modification of overall habitat structure (Abal & Detmison, 1996; 
Longstaff & Dennison, 1999; Collier et al., in press). Delval (1994) concluded 
that a reduction in the habitat structure of A. griffithii, by directly manipulating 
stem density, had a negative impact on the abundance of epifauna. Therefore, the 
loss of habitat structural complexity in this study is likely to have influenced the 
abundance and composition of mobile epifauna. It is not clear which components 
of seagrass habitat . complexity most strongly influence fauna abundance. 
However, some insights can be gained by correlating seagrass and algae 
parameters :fi:om the Ecophysiology study (Table 2.1) and total epifauna 
abundance fi·om this study. 
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Total epifauna abundance ~as most strongly and significantly correlated with 
leaves per leaf cluster (r= 0.635, p<0.001). Total epifauna abundance was not as 
strongly but significantly correlated with leaf clusters per stem (r= 0.340, 
p=0.033) and total algae biomass (r= 0.354, p= 0.027), but not significantly 
correlated with leaf biomass (Table 4.1 ). Correlation does not necessarily imply 
causation but may indicate that epifauna are more dependant on the presence of 
algal epiphytes in an A. griffithii habitat and the particular physical arrangement 
of leaves rather than the total biomass of seagrass leaves per se. Epiphytic algae 
are known to be of high value as a food source for many types of epifauna 
(Jemakoff et al., 1996) and this may account for some of the correlation with 
epifauna abundance. The loss of leaf clusters and leaves within clusters would 
have a significant effect on the three-dimensional structural complexity of the 
meadow. While other studies have proposed the greater abundance of fauna inA. 
griffithii meadows by reference to the greater structural complexity (Jernakoff & 
Nielson, 1998), this study suggests that it may be the cluster density and cluster 
structure which is of particular importance inA. griffithii meadows. 
Table 4.1 Linear correlations of epifauna abundance (m2) with total leaf biomass (g/m2), total 
epiphytic algae biomass (g/m2), clusters per stem and leaves per cluster. * indicates correlation is 
significant below the 0.05 level. 
Total Epifauna abundance vs I Number I R 2 I Significance 
Total Leaf biomass 30 0.048 0.124 
Total Epiphytic Algae biomass 30 0.125 0.027* 
Clusters per stem 30 0.116 0.033* 
Leaves per cluster 30 0.403 0.001 * 
The dominant epifauna taxa groups were crustaceans (mainly amphipods) and 
molluscs (mainly gastropods) which is typical of seagrass macroinvertebrate 
assemblages (Larkum et al., 1989; Edgar & Robertson, 1992; Delval, 1994; 
Jemakoff et al., 1996; Duffy & Harvilicz, 2001). Within these taxa groups the 
rate of response to treatments by different sub-groups varied. Some sub-groups, 
such as amphipods and gastropods, responded within three months, while other 
sub-groups such as ostracods were not affected until there had been six months 
of light reduction and habitat modification. This variability in the rate of loss 
among taxa may be related to differing feeding strategies and the status of food 
resources relative to the time-scales of change in impacted meadows. 
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While some are detritivores? the majority of gastropod and amphipod species are 
herbivorous grazers, feeding by scraping epiphytic algae from a variety surfaces 
including seagrass leaves (Jemakoff et al., 1996; Davis and Christidis, 1997; 
Edgar, 1997). It is believed that the favoured form of algae to most small 
gastropods is periphyton (which colonises seagrass leaves), due to its small size 
for easy digestion (Steneck & Watling, 1982; Nielsen & Lethbridge, 1989; 
Jemakoff et al., 1996). The majority of gastropods found in this study were small 
in size ( ~0.5 mm) so are likely to be periphyton feeders. Amphipods feed on a 
variety of epiphytic algae, including periphyton and larger macroalgae (Jemakoff 
et al., 1996). The reduction in gastropod and amphipod abundance after the first 
three months of light reduction coincided with a considerable (~ 30 - 50%) 
decrease in algal biomass (g/m2) after three months of light reduction (Table 2.1 ). 
Therefore, it is reasonable to propose a reduction in algal biomass due to reduced 
light availability has had a significant and relatively rapid impact on the 
r) abundance of gastropods and amphipods. 
After six months, gastropods and amphipods were still the main taxa responsible 
for differences between control and light reduction treatments. Copepods were 
also important contributors to the variation after six months; however this is 
potentially due to the greater abundance of copepods in March 2006 compared to 
the low abundances in December 2005. Copepods are often abundant in seagrass 
ecosystems and are predominantly herbivorous, feeding mainly on periphyton 
(J emako ff et al., 1996). Reductions in gastropod, amphipod and copepod 
abundance may be attributed to the continued reduced algae biomass (g/m2) after 
six months of light reduction due to a reduction in food resources and surface 
area to inhabit. 
Stmctural complexity parameters (leaves per cluster and clusters per stem) 
decreased with light reduction intensity and continued to decline with duration of 
light reduction. At six months, leaves per leaf cluster were ~ 30 - 70% of the 
controls compared to no reduction after three months of light reduction, and at 
six months clusters per stem were~ 30-50% of the controls compared to~ 70% 
of controls at three months. This suggests that the reduction in seagrass stmctural 
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complexity, in particular the number of leaves per cluster and clusters per stem, 
may have had a particularly significant effect on epifauna abundances including 
gastropods and amphipods, as they require these leaves as a surface area to graze 
on and to seek refuge from predators (Edgar & Robertson, 1992; Jernakoff et al., 
1996). 
A study by Edgar & Robertson (1992) examining epifauna response to changes 
in epiphytic algae and leaves in Amphibolis meadows found that total abundance 
declined with reduced epiphytic algae and leaves. In particular, they found that 
molluscs decreased with removal of either epiphytic algae or seagrass leaves. 
They concluded that the removal of either of these seagrass habitat components 
negatively affects the mollusc taxa. This is potentially due to their food resource, 
periphyton algae which grow on leaves and also the larger epiphytic algae which 
can be used as a refuge from predators during the day. 
Some taxa in this study were either unaffected or increased m abundance 
following light reduction treatments. Del val ( 1994) also showed that 
manipulations of seagrass density had variable effects on fauna, with the 
abundance of some epifauna increasing and some decreasing with decreased 
stem density. In this study, colonial ascidians and bivalves appeared to increase 
in abundance with the presence of reduced light conditions after six months 
duration. Colonial ascidians and bivalves are efficient filter feeders (Edgar, 
1997). Bivalves feed by creating a water current through which oxygen and 
microscopic plankton are extracted (Davis & Christidis, 1997). Thus, they may 
not be as quickly affected by the loss in seagrass and algae biomass as they do 
not depend on these for food. Alternatively, they may respond positively to 
decreased stmcture tln·ough increased colonisation. In addition, water flow and 
potential phytoplankton supply may have increased within the impacted canopies 
due to leafloss. 
Ostracods did not change with light reduction after three months but showed a 
decrease after six months in the high light reduction treatments. While some 
Ostracods can be carnivores, herbivores and filter feeders, they are primarily 
detritivores, feeding on dead and decaying plants and animals (Davis & 
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Christidis, 1997). The loss of seagrass leaves and algae with light reduction 
would increase the mass o_f detrital material for them to feed upon, possibly 
accounting for the lack of change after three months of light reduction. After six 
months of high light reduction there were very few leaf clusters left on the 
seagrass stems which may have limited the supply of food (in the form ofleaves 
becoming detritus) and also reduced the niches that they could inhabit. 
In summary, light reduction has significant flow-on consequences for epifauna in 
A. griffithii habitats. Seagrass structure and algae biomass decrease with reduced 
light and duration of light reduction. It appears that epifauna living in seagrass 
meadows exposed to light reduction generally showed a decline in abundance, 
biomass and secondary production. However, not all epifauna respond in the 
same way. This study has revealed that different groups of fauna respond at 
different rates and in different directions. Therefore there is a complex set of 
interactions involving many factors explaining epifauna abundance and 
composition in seagrass meadows exposed to light reduction. 
4.2 Seasonality 
While light reduction treatments affected the abundance of epifauna, this was 
dependant on the duration of light reduction. There was an increase in total 
epifauna abundance in the control treatments :fi·om three to six months, and this 
was noticeable with gastropods which accounted for the majority of epifauna 
abundance in the control treatments. Abundance of epifauna can be influenced by 
seasonal reproduction and recruitment. Studies have shown epifauna abundance 
generally peaks in the spring and summer months, followed by a decline in the 
winter months with gastropods recruiting into seagrass ecosystems in summer 
(Nielson & Lethbridge, 1987; Edgar, 1990b; Edgar, 1990d; Jemakoff et al., 
1996). Therefore, the high abundances of gastropods in March (autumn) 
compared to December (summer) may reflect a summer recruitment event. 
In the light reduction treatments these recruits are either not establishing or not 
surviving in treatments. This may be due to the reduction in habitat availability, 
food availability and shelter :fi·om predation due to a decline in algae biomass and 
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leaf biomass in treatments after six months of reduced light. However, it cmmot 
be discounted that shade screens in experimental treatments may have been 
excluding recruitment/settlement of epifauna. Increased fish abundances m 
experimental treatments could have also reduced recruitment/settlement of 
epifauna. Recruitment of epifauna, mainly gastropods, may have occurred in the 
controls at six months duration but not in the experimental treatments due to the 
shade cloth inhibiting settlement. However, given that reduced structural 
complexity reduces epifauna abundance, it is likely that the recruitment 
inhibition is not the only potential mechanism driving decreases in epifauna 
abundance with light reduction treatments. 
4.3 Trophic consequences of changes in epifauna abundance 
Edgar (1990d) assessed the importance of structural characteristics of seagrass 
beds on epifauna assemblages and determined that increased food resources 
accounted for higher invertebrate production. This was supported in this study 
where secondary production was lower in A. griffithii with lower seagrass and 
epiphytic algae biomass. This reduction in secondary production may then 
negatively affect higher order organisms such as larger fish, cetaceans and 
pinnipeds which often feed on fish living in seagrass meadows (Jenkins et al., 
1997; Barros & Wells, 1998). 
After three and SIX months of light reduction, total epifauna biomass and 
secondary production estimates ( <8mm) significantly declined, although the 
patterns were not consistent across groups. For example, crustacean biomass 
declined significantly after both durations; whereas molluscs showed no 
significant change in biomass with light reduction treatments despite a significant 
decrease in abundance. This is potentially due to the majority of individuals 
being very small (0.7 nm1- <0.5 mm) in size, consequently contributing little to 
total biomass. Therefore, it is likely that predators of crustaceans, such as fish, 
will be more affected by light reduction in A. griffithii meadows than those 
feeding mainly on molluscs such as the western rock lobster (Edgar, 1990e). 
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Other studies have shown that most fish species in seagrass meadows generally 
do not rely on the seagrass itself as a direct food source but rather rely on 
epiphytic algae, macroinvertebrates or other small fish (Burchmore et al., 1984; 
Pollard, 1984). Also, the majority of fish associated with temperate seagrass 
habitats are highly con-elated with crustaceans, as these are the most important 
constituents of their diet (specifically amphipods, decapods and copepods) 
(Pollard, 1984; MacArthur & Hyndes, in press). In West Australian seagrass 
habitats fish species Siphonognathus radiatus, Neoodax balteatus and 
Notolabrus pari/us are carnivorous, feeding predominantly on crustaceans and 
molluscs. S. radiatus in particular feeds mainly on crustaceans (~ 65% of its diet) 
(MacAlihur & Hyndes, in press). This study has demonstrated that there is a 
significant reduction in crustacean abundance and biomass in a light reduced A. 
grifjithii meadow. Therefore, it is likely that light reduction from dredging of 
three months or more may result in food sources for some fish species such as 
Siphonognathus radiatus, Neoodax balteatus and Notolabrus pari/us to be 
reduced, and there may be negative impacts to the abundance of these species. 
Based on the results of this study, the trophic impacts of reduced light 
availability in seagrass meadows are dependant on the duration and intensity of 
light reduction. The effect of moderate and high intensity light reduction coupled 
with increasing length of light reduction show a cumulative trend, indicating that 
if conditions were to persist for longer durations then the abundance of epifauna 
may decline further. This could potentially have significant direct and indirect 
effects on large decapods such as the western rock lobster and many species of 
fish such as King George whiting (Sillginodes punctata) (Jenkins et al., 1997). 
This not only has an impact on the fragile ecology and biodiversity in seagrass 
ecosystems, but social and economic consequences as these species are impmiant 
for commercial and recreational fishing industries (Edgar 1990e, Jenkins et al., 
1997). 
4.4 Constraints and implications for environmental management 
This study has only focussed on the light reduction impacts of intensive 
dredging. However, dredging also results in the discharge of fine particulates into 
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the water column that can smother adjacent habitats (Sheridan, 2004). Sediment 
smothering from dredging. may intensify the impact of light reduction on 
epifauna abundance, biomass and production. For example, suspension feeding 
epifauna which thrived or maintained abundances after six months of light 
reduction treatments in this study may show a decrease in abundance once 
impacted by sedimentation. It may be beneficial for further studies to incorporate 
the potentially significant impact of sediment smothering in order to better 
understand the effects of dredging. 
The increased fish abundance in the light reduction treatments was an 
unexpected and confounding element in this study due to the possibility of 
increased predation on epifauna. To investigate predation effects on 
macroinvertebrate assemblages, an experiment using predator exclusion cages to 
assess the effect of light reduction for different durations and intensities with the 
exclusion of fish predation impacts would be beneficial. A tethering experiment, 
using fishing line baited with different types of epifauna and placed in the 
seag~·ass meadow, could quantify predation rates on epifauna in the presence of 
shade screens. 
The results :fi:om the structural complexity reduction experiment suggest that with 
reduced seagrass structural complexity such as that which would result from 
reduced light availability, there is a reduction in epifauna abundance. Due to the 
low level of replication, further studies would be valuable in confirming this 
result with more replication. In addition, increasing the size of treatment plots 
and including a buffer zone would be useful to prevent epifauna migrating in and 
out of the structurally reduced area. Finally, variations of structural complexity 
reduction could be done by decreasing structural complexity to mimic that of 
seagrass shaded for 1 month, 5 months and 9 months. This would be useful in 
assessing the point at which the epifauna begin to decline in abundance and when 
they are almost absent from the seagrass canopy. This would give a better 
understanding of the impacts on epifauna associated with different levels of 
seagrass modification. 
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Despite the above constraints, it remains clear from this study and others that 
coastal developments whic1J result in light mediated change to seagrass meadows 
can have an important influence on the macroinvertebrate fauna (Walker et al., 
2001; Mulligan, 2005; EPA, 2006; Badalamenti et al., 2006; Smith et al., 2006). 
In all dredging projects there can be varying degrees of impact. Season, location 
of dredging, hydrodynamic forces, the duration of the dredging project and the 
size of particulates generated are just some of the factors that could determine the 
degree of impact and what organisms are affected. This study has shown after six 
months of high light reduction there was a lower abundance of epifauna 
compared to moderate light reduction and lower than high intensity light 
reduction after three months duration. Thus, duration and intensity of dredging 
will potentially influence the degree of impact. Therefore it is desirable to 
manage dredging projects by selecting appropriate durations and intensity of 
activity. 
Similarly, dredging at certain times of the year coul~ increase the impact on 
epifauna abundance. There appeared to be seasonal recruitment of epifauna due 
to peaks in abundance seen in the control samples collected at the end of summer 
2006. Therefore if intensive dredging was to occur at this time, it may result in a 
greater loss of epifauna. Consequently, management of dredging projects should 
also carefully select the timing of operations. 
Consideration must also be given to the implications to higher trophic levels of 
reduction in epifauna abundance with light mediated change in A. griffithii. 
Motile epifauna living in seagrass meadows are an essential link in the food 
chain, supporting fish and large invertebrates (Hyndes, 1998; Smit et al., 2005) 
further studies to investigate the flow-on effects to consumers that rely on 
epifauna would be a useful approach to examine a wider range of trophic 
consequences of dredging impacts. This study improves our understanding of the 
vulnerability of seagrass ecosystems to light reduction of different durations and 
intensities and the ensuing trophic consequences. 
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